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The taniperature distribution in a slab of constant thickness with one face of the slab at constant temperature and 
the other exposed to a transient temperature field. has been obtajned using the method of differential operetor. 
Numerioal values of the temperature field are found by taking the applied temperature as a oontinuous fuhction of 
the length and time. 

In a reoont paper, Charles J. Martin1 bas used Fourier Transforms and theory of complex variable 
for the determination of temperature distribution in an infinite slab of constant finite thickness due to 
tBe applioation of transient temperature field. He discussed in detail the problem by taking the 
applied tenpzrature as a product of two discontinuous step-functions. This paper is concerned with the 
determination of the temperature di~tribution in an infmite slab of constant finite thickness due to  the applj- 
cation of a iransient temperature field at one face of the slab. The other face of the slab is mintained a t  
oonstant temperature. The solution of the heat conduction equation is obtained by 'Symbolic Method' 
in terms of differential operators2, when the applied temperature is a continuous function of length-and time. 
Numerical results at successive times are obtained by approximating the solution to  a finite series. 
Results are presented by graphs. 

a T H E  P R O B L E M  A N D  I T S  S O L U T I O N  
- 

Using the rectangular Cartesian system of GO-ordinates x, y, z, let the inki te  slab be bounded by two 
parallel planes y=O and y=h and be-infinite in extent in x and z directions. The face y=O is maintained 
at zero temperature while the faoe y=h i s  exposed to a continuous surface temperature which varies with 

- _  I \ 

x and the time t. -I 

The temperature 8 in .tbR slab satisfies the linear heat conduotion equations . 

where 
a2 a2 vz= -+-, . a$ - ad - - 

(2) 

and k,  p, c are the ther* omductivity, dens%y and specifio heat of the material respectively. - -  . 

Sinoe the fase y=O is rnaihtained a t  zero temperature and y=h is exposed to temperature, the boun- 
dary oonditions are : 

9 (x, 0, t) = 0, for all x and t (3 ) 
, (% h, t )  = 4, . f (x) . + (t) [a) 

where f [x) and 4 (t) are functions of x and t which are continuous and oontinuously differentiable, 

and 
- c Q < x < G Q  

O < y . ; h  
On substituting 

5 u = -  Y a"=h 
?it e 

W E - - . c P ,  T =  - 
P 80 

m have * .  
a2T aaT aP - f-=- 
au2 at9 aw ' 
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and the boundary conditions are : 
.- - - - - 

1l̂ (e6,0, - 0)  = 0, 

f4ib; l lw) =f C4 4 t w )  

- - - = fi(iz, a), si%y 
a . - -  

On writing p = - and q = - a , the heat conduc.ion eq&tion (7), on using the boundary , 
a@ a@ , 

conditions (8) yields 
? -  . 

P 

T = 
sin v 49 - q 
sin 2/pTq H (u, wl )  \ (9) 

N U M E R I C A L  E X A M P L E S  
In this section, we take some particular type of applied surface temperature to illustrate our problem. 

Two cases are discussed. 

Case-I - - : Taking the aiplied surfa& temperature as 

Substituting (10) in (9) and after some calculationn, we get 

- -  a h  Q +&,,a- b,,) % . -(afilrl+bnl~I) 
e 

d(d-- bs) L ( 1 1 )  

Now by giviog suitable values to the constants a;, bn, and AM, i t  is easy to find theanmeriaal v a h - .  
' 

when t h e  appli~d temperature function is any sine, cosine, hyperbolic sine o r m r b o l i c  w i n e  fuse- 
tions of x and t. mi 

Gse-II  : Taking the applied surface temperature i s  

Putting this valve in (Q), we get - . -  
sin u dl~!=-. q T ,-e-arq 
s, db,, 4 ( 0 1  J 

(13) 

For numerical evaluation of the temperature distribution in the slab, we take a=0.1 and b=3~.  

Now the expression for 2'given by (13) is expanded as infinite series in powers of p in the form 

where 
1 - _  .". - . C- _ _  

P (0) = - 
sin - . 6(4 - 

1 -.. - > -  
The expression for T in the form of equation (14) is - 

v cos bv q2 1 ~ 3 ~ 0 s  bv 
+ r ) +  p - 

- 3@ sin bv 
b4 ~7 bs 

-- . 160 oms bv @ 1 - 1P aos bv 104 cos h 4 W  aaa fiv 10W #in$ - 
67. ( -+-  8-. + b7, - - 

-- - be - 

- (1'9 



. - 
< 

D = ~ N  & k-&i%= :. &&&iier\i ~M'~~1;8.&8 Distribntioq 

_-_- 
The oosffoient ya in (14) are functions of v and the sequence (y.) is seen to be rapidly oonvergent. 

The squation Q5)  oan be written as . 

a c. - \ 
- + - -  - - 
3 . -  - 
e--y /-- sr;q = a% in),* (4. . .. , . A -  ;--)b=o 

(17) 

ases in magnitad6 ~apidly. The first six an's are calculated; 
< .. 

* & ,-- - .- 
+ .". . .  . + "  

- -.. . .. r . - - - 
> - . -.-c,-- 

w .  
* 

a, = - 10- X 0.24 
f- - .  - *.. - .  a,= x 0.177 , - _ . ) _  - -- -- +; -- -- - - ----- - - - 

r : :c  2 --  - - 
3-3 

Now expanding the function q5 ( o )  about any a r b h p  p&O f kTaJitor'~-&&~s, wh gat 

A- -uJ - .  :.-&-.-*.-. - - - - 
* .. 

4 (0 )  =c 446) = (0 - 8% 
- 

I n! - 
' (18) 

0 n=O - - 
wbre 6 (6 )  is the nth derivative of 4 (w);stt w= f. 

*. 
i_-- . - 

- Jhb. tenns~in the e'qve a S H W  foy&&ps can be t&en 
far appmqi.q@iarn of 4 (0). 

~. - , - - (15) i a  ofthe form : 
<- ,1 * 1 

< A ,  :- ', , r$s.& ' - -  ? 

a - - 9,. 
' gAi.-6,, - .  P ( 0 )  = (19) 

n=O 
- 

where A are function of 6. 
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I, 

Fig 1-Temperature distribution a t  various time in the Fig 2-Temperature dietxibution at  various time in tbe 
slab a t  v=1/3. . - 

h - - - -  - s l sbt  ,q=k. 

Now the expression (14) for T for values of w near 5 takes the form 
u d  

Setting w = f ,  the general expressions for Ebecomes , - 

It can be seen that the terrns of this finite series decrewe very rapidly. 

D I S C U S S I O N  O F  T H E  R E S U L T S  O F  E X A M P L E S  

In this seotion we discuss in detail the numerical exaglpls considered in Caw I1 of last wction. For . 
v = 113, o = 1, the first term in (17) is 30311043 x B ~ I ~ L ~ P ~  the third tew is -4.0W00018 X e-blul. 
Values of temperature T, with x at u = 112 and 1/3 for various vaixles of h ( h  = 0,1,5,10) are calculated 
and shown in f ig .  1 and 2 respectively. 

From Figures following observations are made : 

(i) The temperature zero when u +a, o -+m. 
(ii) The fall in temperature as u inorease is very rapid wheread with the increase of time, the fall in 

temperature is slow. 
(iii) A t  v=f, the temperature is negative but is quite small in magnitude. 
(dv) It is interesting to note that the values of the temperature at v=+ is one-third the values 

at v=l .  
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